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Annomayus. B HacTosIee BpeMs B arpapHOM CEKTOPE HAYMHAIOT aKTHBHO MCIOJIB30BAThCS PE3YNBTAThl UCCIEAOBAHUH, MO-
3BOJISIFOIME NTPOTHO3UPOBATH YPOXKAWHOCTh CEIBCKOXO3AHCTBEHHBIX KYJIBTYp C MCHOJNB30BAHHEM JAHHBIX AUCTaHIIMOHHOTO
30HAMPOBaHMS 3eMid. MI3BECTHO, YTO MOTyYEHHBIE PETPECCHOHHBIC MOJIENH 3aBUCAT OT OYBEHHO-KIMMATHUECKUX yCIOBHHA
BO3eNbIBaHMSA. JIJIs1 TOrO 4TOOBI ONMPEAETNTH CTEICHD PAa3BUTOCTH U COCTOSHUS PAaCTEHHH, MOXKHO HCIIONb30BATh BETETAIH-
onHbI nHACKC NDVI. JIoCTOMHCTBaMH TakOTO METO/A SIBISIFOTCS OOBEKTHBHOCTDH IMOMYYaeMbIX OIIEHOK M CIIOCOOHOCTH MX
IIPUMEHEHHs K OombmmM TepputopusM. K coxaneHunto, ncciaeoBaHns BAUSHUS MoYBeHHO-KIMMarnaeckux 30H (I13K) Bo3-
JICTBIBAHMS Ha B3aNMOCBS3b YPOXXKaHHOCTH 03MMOH MIIEHUIBI ¢ AaHHBIMHK [133 npakTndeckn He BeayTcs. Llenbio paboTsl 06110
BBIBJIICHUE BIWSHUS YCIOBHH PA3IWYHBIX ITOYBEHHO-KIMMATHYECKUX 30H CTaBpOIONBCKOTO Kpast Ha OCOOEHHOCTH CBSI3eH
JTAaHHBIX AMCTAHIIHOHHOTO 30HANPOBAHM 3€MIIH C IIPOLYKTUBHOCTHIO TIOCEBOB 03MMOI1 MIIIEHUIIBI. VIcce10BaHNs TPOBOANIN
Ha 6aze @I’ BHY «Cesepo-KaBkasckuii (emepanbHbIii HAyIHBIH arpapHbIA HeHTp». OOBEKTaMU HCCICTOBAHUN CITYKHIIH TI0-
CeBBI 03MMOH MiIeHHIsI CTaBPONOILCKOTO Kpast. B xome paboTsI HCTIONB30BaN CTATHCTHIECKHE JaHHBIE MUHHCTEPCTBA CETlb-
ckoro xo3sticTBa CTaBporonsckoro kpas. Bererammonnstii uanekc NDVI nomydanu ¢ momomrsio cepsuca « BETA» MHcTuTyTa
KOCMHUYECKHUX HcciienoBaHuil Poccuiickolt akageMun HayK. YCTaHOBJIEHA B3auMOCBA3b Mexay NDVI u ypoxxalilHOCTBIO 03UMOit
MIIEHAIB! [T TIOYBEHHO-KIMMAaTHIECKUX 30H CTaBpOMoabCcKkoro kpast. [lomydeHHble Mozenu 00/1aialoT BBICOKOI CTENCHBIO
IOCTOBepHOCTH (Kod(umueHT anmpokcuMannu B npeaenax 0,59—-0,82, xorpdumment koppemsaauu — 0,77-0,90). Perpeccu-
OHHasl MOJIeNb CBs3U cpexHero NDVI 3a BeretaTrnBHO-T€HEPAaTHBHEIHN IEPHON U ypoxKaHOCTH 3epHa CTaBpPOIIOIBCKOTO Kpas,
MOCTPOCHHASI C UCTIONIh30BAaHNEM JaHHBIX MOYBEHHO-KIMMAaTHIECKUX 30H, 0071aJaeT JOCTATOYHO BHICOKOM TOYHOCTBIO (KO-
¢umment xoppensamun — 0,82, ko3 durment anmpokcumanuu — 0,72). Mcnonp3oBaHNe JaHHBIX AUCTAHIIMOHHOTO 30HANPOBA-
HUSI 3EMJIH, PACCYNTAHHBIX MO TOYBEHHO-KIIMMAaTHYECKIM 30HAM, CYIIECTBEHHO MOBBIIIAET COMPSKEHHOCTD BETETAMOHHOTO
nHaekca NDVI ¢ npoayKTHBHOCTBRIO TOCEBOB O3MMOI MIICHUIIBL. JTO AaeT BO3MOKHOCTH 00JIee TOYHO MTPOTHO3UPOBATE YPO-
XKaWHOCTBH 17151 Bcero CTaBpoOIOIBCKOTO Kpasi.

Kniouesvie cnoea: o3umasl NMIIEHULA, PErPECCUOHHBIE MOAENH, BereTallMOHHBIM uHAekec NDVI, mouBeHHO-KIMMaTHyecKas
30HAa, YPOXKaHOCTb.

Jlna yumuposanusa: Cropuak U. I, Epomenxo @. B., [llectakoa E. O. OcoGeHHOCTH TUHAMUKH BETETAIIMOHHOTO WHIEKCA
NDVI B pa3nu4HbIX MOYBEHHO-KIMMATHIECKIX 30HaX CTaBpONOIBCKOTO Kpast // ArpapHblii BecTHHK Ypaina. 2019. Ne 9 (188).

C. 12-18.

Jlama nocmynnenua cmamuu: 25.03.2019.

IocranoBka npo6.emsl (Introduction)

ITonyyeHue BBICOKOTO ypokash 3€pHa O3MMOH MIIECHMIIBI
SIBIISICTCS] BAXKHOM 3afjadel arpapHOi HayKU U CEeJIbCKOXO3sIi-
CTBEHHOTI'0 IPOU3BOACTBA. Ee perieHue cBA3aHO B TOM 4HCIIE C
pa3paboTKOIl ONEepaTUBHBIX U JIOCTOBEPHBIX METOJIOB KOHTPO-
JIsl COCTOSIHUS [TOCEBOB, IPOTHO3a YpOXKasi U ero kauecTna. Jis
9TUX LENIel CTalu HUCHOJIb30BaTh JAHHBIE NUCTAHIMOHHOIO
30HIMPOBAHUS 3eMJIH, KOTOPBIE TI03BOJISIOT MOTy4aTh HHPOP-
MaluIO AJIs TAKUX aIMUHUCTPATUBHO-TEPPUTOPHAIILHBIX €11~
HUII, KaK OTJEJIbHOE IOJIe, pailoH, MOYBEHHO-KIMMaTHYECKast
30Ha, cyObekT PO mim cTpana B menom [ 1-2].

Jlyist Toro 4TOOBI OIPEAENUTH CTEIEHb Pa3BUTOCTH M CO-
CTOSIHMSI PACTEHHMH, MOXKHO MCIIOIb30BAaTh BEreTal[OHHBIN
ungexc NDVI [3, 4, 5, 6]. JlocTOMHCTBaMU TaKOro METO/1a siB-
JISIFOTCSL OOBEKTUBHOCTD MOTY4aeMbIX OLEHOK M CIIOCOOHOCTD
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WX IPUMEHEHUS K OONBIINM TeppuTOopusM. U3 murepaTypHBIX
HMCTOYHUKOB M3BECTHO, YTO TAKHWE MOJEIH 00IaaroT 3aBHCH-
MOCTEIO OT ycioBuid BeIpamuBanus [7, 8]. K coxanenuto, uc-
CIIeOBaHMS BIMSHUS MOYBeHHO-KmuMarndecknx 30H (I13K)
BO3/IEJIBIBAHUS HA B3aHMMOCBSI3b YPOXKaHOCTH O3UMOMW MIlIe-
HUIIBI ¢ JaHHBIMA /]33 MpakTH4IecKu He BEIyTCS.

B cBsi3u ¢ 3THM 1ebi0 paboThl OBUIO BBHISBICHUE BIUSHUS
YCIIOBHH pa3IMYHBIX OYBEHHO-KIMMAaTHIeCcKuX 30H CTaBpo-
MTOJILCKOTO Kpasi HA OCOOCHHOCTH CBSI3€H MaHHBIX JUCTaHIIN-
OHHOTO 30HIMPOBaHUS 3eMJIS C MPOXYKTHBHOCTHIO TIOCEBOB
03WMO1 MIIIEHUIIBL.

MeToaoJiorus u MmeToabl uccienoBanus (Methods)

UccrenoBarns nposommm B PI'BHY «Ceepo-Kaskas-
ckuit (hemepanbHBIN HAyYHBIA arpapHBIA meHTp». OObekTaMu
HCCIICIOBAHAN CITY)KHIIM TIOCEBBI 03UMOH mieHunsl Cras-
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pornonbckoro kpasi. B xozme paboThl HCIONB30BAIN CTATUCTH-
Yyeckue JaHHble MHHUCTEpCTBa CeNbCKoro xo3siicrBa Cras-
pononbekoro kpas. NDVI momydanu ¢ moMolibio cepBuca
«BEI'A» KU PAH.
PesyabTaThl (Results)
[To mouBEeHHO-KIMMATHYECKUM YCIOBHAM B CTaBpOIOIb-
CKOM Kpae BblJieNIeHO 4 30HBI: KpaiiHe-3acynuiuBas (1), 3acym-

muBas (II), meycroituuBoro (III) n gocraTtouHoOTO yBIAKHEHUS
av) 91

C nomonsro faHHbIX cepBuca «BEI'A» 1 ydyera moceBHBIX
TUTOIIA e 03UMOH MIIEHHIIBI OBbLTa PACCUNTAH X0/ JUHAMHKH
NDVI pa3nuysbIx NO4BEHHO-KIMMaTH4deckux 30H ¢ 2002 mo
2017 roxs! (puc. 1).
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Fig. 1. The course of the dynamics of the vegetative index of winter wheat
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Fig. 2. Air temperature and precipitation in the soil and climatic zones of the Stavropol Territory (mean annual values)
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ITonmyuyeHHbIe pe3yabTaThl CBUETEIBCTBYIOT O TOM, YTO OT
30HBI BO3/IEJIBIBAHMS TIOCEBOB O3UMOM MIIIEHUI[BI 3aBUCAT OH-
torenetndeckue n3MeHenus NDVI. Ipu yaydmenun ycnosuit
BBIpaIIMBaHUs (KaK B OCEHHUH MEPUOJI, TAK U B PEIPOTYKTUB-
HBIN) yBenmuuBatoTcs 3HaueHnss NDVI. C momeHTa BO30OHOB-
JICHUS] BEeCEHHEH BereTanuel u 10 KoHNa (asbl TpyOKOBaHUs
oTMmedaercs: BelpaBHuBaHue NDVI no nouBeHHO-KIMMaruue-
CKHM 30HaM Kpasl.

DT0 MOXET OBbITh OOYCJIOBJICHO TEM, YTO JOCTaTOYHas
BJIQXKHOCTh MOYBBI MEPE] TTOCEBOM CIIOCOOCTBYET (HhOPMHPO-
BaHMIO OoJiee Pa3BUTON OMOMAcCCHI, a CIIEA0BATEIbHO, YBEIH-
YMBAETCS IO b ACCUMIIALIMOHHON MOBEPXHOCTH. J[aHHOE
MIPEBOCXOICTBO COXPAHSETCSs M B PAaHHEBECEHHUI MNepHof
(puc. 2).

[Tocnenyromee pa3BUTHE MOCEBOB O3UMOM MIIECHUIIBI
MIPOUCXOIUT TIPU XOPOIIEM BOJHOM PEXKHME, TaK KaK B ATOT
IIEpPHUOJ CILIE HE U3PACXOJ0BAHA BJlara, HAKOILICHHAS 34 3UM-
Huit nepuoa. [Ipu >ToM TemnepaTypHbIi peXXUM B KpaiiHe 3a-
CYNUIMBON U 3acyluUTMBOI 30Hax BhIe, yeM B I u IV. Takue
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YCIIOBHUSI CIOCOOCTBYIOT YCHUJIGHHOMY Pa3BHUTHIO PAacTEHHH, a
Cle0BaTeIbHO, IPOUCXOAUT BeIpaBHUBaHHUE 3HaYeHUII NDVI
10 MOYBEHHO-KJIMMATHUECKUM 30HaM B BECEHHUII TepUOI.

B xonne IV u nepen nauanom VIII stanos opraHoreHesa
HaOJIIOIaeTCs POCT TEMIEPATYPHOTO PEXKMMa, a TAKIKE CHIDKE-
HUE 3aIlacoB MPOJYKTUBHOM BJIaTU B ITOYBE, IpU 3ToM B [ 30He
HaOJII0/IaeTCsl TI0X0e UX BOCIIOJHEHHE 3a CUET BBINAIaI0IInX
ocankoB. M3-3a 3TOro ImpoOUCXOAUT pa3fciIiEeHUE IOCEBOB IO
MOIITHOCTU MX Pa3BUTHSI U BBICOTE PACTEHUI B 3aBUCUMOCTHU
0T MOYBEHHO-KIUMaTHueckux ycnosui [10]. [Toatomy B Mak-
cuManbHBIX 3HaueHHsx NDVI naGnrogarorcst paznuuumst 3T0-
ro nokazatens B II, III u IV 30Hax no cpaBHeHHUto ¢ KpaiiHe
3acynuTuBoi 30H0M. bonee Bbicokoe 3HaueHue NDVI B atoT
nepuoy B 111 30He 1o cpaBHeHHUIO ¢ [V MOXXHO OOBSCHUTD JIy4-
LIUM TEMIIEPATyPHBIM PEXUMOM.

[Monyuennast B xoze paboOThI KOPPEISILUOHHAS CBS3b YPO-
xaifHocTu ¢ NDVI noBeiaercs ¢ yay4ieHHeM yCIOBUI BBI-
pamBaHus. OTO MOXET OBITh CB3aHO C TEM, YTO JICHCTBHUE
(aKTOpOB OKpY)Kalolieil cpeasl HEe MO3BOJISIET peaii30BaTh
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Puc. 3. Cas3v yposxaiinocmu 03umoti nuienuyol om cpedrneeo NDVI 3a 6ecemamueHo-zenepamuénulii nepuod (2002-2017 ez.)
Fig. 3. Connection of winter wheat yield from middle NDVI during the vegetative-generative period (2002-2017)
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Fig. 4. Dependencies of grain yield on average NDVI for the vegetative-generative period for the Stavropol Territory (2002-2017)

IoCeBaM B JIOCTAaTOYHOM CTEMEHM MOTEHIMAN MPOIYKTUBHO-
CTH, CBSI3aHHBIM C TEXHOJOTMUYECKHUMH M TEHOTUITHYECKUMHU
OCOOCHHOCTSIMHU B TAKHUX YCJIOBHSIX.

B xone paboThl HaMu ObLTa TOCTPOCHA PETPECCUOHHAS 3a-
BucUMOCTh cpenHero NDVI 3a BereraTMBHO-T€HEpaTHUBHBII
MepHo OT ypokas 3epHa Juisi Bcero CTaBpOMONIbCKOTO Kpast
(puc. 4). Tax Kmpp_ JIAHHOW MOJIENTM COCTaBWJI BEJIMYUHY, PaB-
uyto 0,85, R? - 0,72.

I'eHepaTuBHBIN eprO]] XapaKTEPU3yeTCsl USTKUM pasJieie-
uueM 3HaueHnd NDVI no T13K, koTopbie 3aBUCUT OT MOTOJI-
HBIX YCJIOBHIA.

Takum 00pa3oM, OHTOTCHETHUCCKUAC W3MCHCHHUS BEreTa-

ITo BceM NOYBEHHO-KIMMATHYECKUM 30HaM Kpast ObIIIH 110-
CTPOEHBI MOJIeNH 3aBUcUMOcTH cpenHero NDVI ot ypoxaii-
HOCTH O3UMOM TreHHIb! (puc. 3). R? mis maHHBIX Mozeneit
HaxonsATcs B npeznenax ot 0,59 mo 0,82, a Kmpp_ —ot 0,77 no
0,90 B 3aBucumoctu ot I13K CraBponoabckoro kpas.

Oo6cy:xnenue u BbiBoAbI (Discussion and Conclusion)

Ucnonb3oBanue nanubix /33, pacCYUTaHHBIX O MOYBEH-
HO-KJIMMaTHYECKUM 30HaM, CYIIECTBEHHO MOBBIIIACT COMpPS-
JKEHHOCTbh BeretanuoHHoro muHaexkca NDVI ¢ npoaykTtuBHO-
CTBIO ITOCEBOB O3MMOW MIIEHMIBL. DTO JaeT BO3MOXHOCTh
0oJiee TOYHO NMPOTHO3UPOBATH YPOXKAWHOCTH JuIsl Becero Cras-
POTIONIBLCKOTO Kpasi.

LUOHHOTO MHJEKCA TOCEBOB 03MMOM MIIEHHUIIBI B PA3IUYHBIX
I13K kpas 3aBUCST OT yCIOBUH BBIPALTUBAHUS.
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Features of the dynamics of the vegetation index of ndvi in
different soil-climatic zones of the Stavropol territory

I. G. Storchak'™, F. V. Eroshenko, E. O. Shestakova'
'North-Caucasian Federal Scientific Agrarian Center, Mikhailovsk, Russia
SE-mail: sniish.storchak@gmail.com

Abstract. Currently, in the agricultural sector, research results are being actively used to predict crop yields using Earth remote
sensing data. It is known that the resulting regression models depend on soil and climatic conditions of cultivation. In order to
determine the degree of development and condition of plants, you can use the vegetation index NDVI. The advantage of this
method is the objectivity of the estimates, and the ability to apply them to large areas. Unfortunately, studies of the influence
of soil-climatic zones (CLC) of cultivation on the relationship between the yield of winter wheat and Earth remote sensing
data are practically not conducted. The aim of the work was to identify the influence of the conditions of various soil-climatic
zones of the Stavropol Territory on the features of the connections of Earth remote sensing data with the productivity of winter
wheat crops. The studies were carried out on the basis of the FSUE “North Caucasus Federal Scientific Agrarian Center”.
The objects of research were crops of winter wheat of the Stavropol Territory. In the course of work, the statistical data of the
Ministry of Agriculture of the Stavropol Territory was used. The NDVI vegetation index was obtained using the VEGA service
of the Space Research Institute of the Russian Academy of Sciences. The relationship between NDVI and winter wheat yield
for the soil and climatic zones of the Stavropol Territory has been established. The resulting models have a high degree of
confidence (the coefficient of approximation is within 0.5-90.82, the correlation coefficient is 0.77-0.90). The regression model
of the connection of the average NDVI for the vegetative-generative period and the grain yield of the Stavropol Territory, built
using data from soil-climatic zones, has a fairly high accuracy (correlation coefficient 0.82, approximation coefficient 0.72).
The use of Earth remote sensing data calculated by soil and climatic zones significantly increases the correlation between the
NDVI vegetation index and the productivity of winter wheat sowing. This makes it possible to more accurately predict the yield
for the entire Stavropol Territory.

Keywords: winter wheat, regression models, NDVI vegetation index, soil-climatic zone, yield.
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